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Effects of bile acids and hydrogen ion on the fine
structure of oesophageal epithelium
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SUMMARY Oesophageal mucosal biopsies were incubated in 20, 2, and 0.2 mM solutions of cholic,
chenodeoxycholic, ursodeoxycholic, and deoxycholic bile acids. Both conjugated and unconjugated
bile acids were studied at pH 1 and 7 singly and in combination. Observations were also made using
0.1 N hydrochloric acid and human gastric juice at pH 1-3 and 7-8. After incubation for up to 15
minutes the mucosa was examined under transmission electron microscopy. We concluded that
high and moderate concentrations of all the common bile acids damaged the oesophagus irrespective
of the pH, that low concentrations of bile acids were damaging only at high acid levels, and that
damage to the epithelium did not occur when the pH of the gastric juice had been raised.

Oesophagitis is a common problem which is related
to retrograde reflux of gastrointestinal secretions.' 4
We have developed a system of incubation of
mucosal biopsies to examine which components of
gastrointestinal fluids are important in causing
damage,56 and have demonstrated that many con-
stituents could be toxic.5 The roles of bile acids and
hydrogen ions are particularly important because
they are major components of refluxing material.
H2-receptor antagonists effectively reduce the
hydrogen ion content of gastric secretion and thus
the composition of material to which the oesophagus
is imposed during an episode of reflux. It was there-
fore decided to study the effects of different physio-
logical concentrations of human bile acids and the
effects of both high and low hydrogen ion concen-
tration.

Methods

PATIENTS
Thirty-five patients were studied. All were under-
going investigation by upper gastrointestinal endo-
scopy for abdominal symptoms. The patients were
taking a variety of drugs all of which were omitted
for six hours before the endoscopy. Four patients
were receiving a course of therapy with cimetidine.
None of the patients had endoscopic evidence of
oesophagitis. After the endoscopic examination had
been completed using a forward-viewing instrument,
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the endoscope was withdrawn to a point 10 cm
proximal to the apparent junction of the oesophageal
and gastric mucosa and multiple biopsies were taken
with the endoscopy forceps. The biopsies were
incubated immediately at 37°C in the test solutions
for five, 10, or 15 minutes, and then immersed in 3 %
glutaraldehyde at 4°C at pH 7.2 in 0 1 M cacodylate.
To confirm the normality of the oesophageal
mucosa, control biopsies taken at the same time were
immediately fixed in glutaraldehyde. All the samples
were post-fixed with osmium tetroxide, dehydrated,
and embedded in Araldite. Thin sections were cut,
stained with uranyl acetate and lead nitrate, and
examined with a Jeol Cx100 electron microscope at
60 KV.

All the incubations were performed in duplicate,
triplicate, or quadruplicate. The incubation mixtures
were as follows, with number of patients studied in
parentheses.

1. Model conjugated bile acid solutions at pH 7,
in concentrations of 20, 2, and 0-2 mM, containing
a mixture of 45% chenodeoxycholic acid, 30%
cholic acid, 20% deoxycholic acid, 2.5 % urso-
deoxycholic acid, and 2.5% lithocholic acid with a
glycine/taurine ratio of 3:1 (n= 10).

2. 0.2 mM solutions at pH 7.0 of the glycine and
the taurine conjugates of the individual bile acids,
chenodeoxycholic, cholic, deoxycholic, and urso-
deoxycholic acids (n= 6).

3. 0-2 mM solutions of the above bile acids
adjusted to pH 10 with 0-1 N hydrochloric acid
(n =3).
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4. 01 N hydrochloric acid (n=4).
5. 0.2 mM solutions of the free bile acids, cheno-

deoxycholic, cholic, deoxycholic, and ursodeoxy-
cholic acids at pH 7.0 (n= 3).

6. Autologous gastric juice at pH 1 0-3.0 (n= 5).
7. Autologous gastric juice at pH 6.0-8.0 from

patients on cimetidine therapy (n=4).
The bile acids were obtained from Sigma Chemical

Co., London. The gastric juice was obtained with a
fine catheter passed down the biopsy channel of the
endoscope. Cimetidine therapy was being used for
duodenal ulcers and gastric or duodenal erosions, in
doses of 04-1 O g daily, and had been taken for
from one week to several months.

Results

1. MODEL BILE SOLUTIONS AT 20, 2, AND
0-2mM CONCENTRATIONS CONTAINING
CONJUGATED BILE ACID SOLUTION AT PH 7
The biopsies were incubated for up to 15 minutes.
Extensive damage was observed after five minutes in
20 mM solution, whereas the 0-2 mM solution
produced lesser changes and only after incubating

for 15 minutes. The damage caused included micro-
vesiculation of the cell membrane with leakage of
glycogen and vesiculation of the organelles and
nuclear membrane.

2. COMPARISON OF TAURINE AND GLYCINE
CONJUGATES OF INDIVIDUAL BILE ACIDS AT
0-2mM CONCENTRATION AT pH 7
The cellular changes observed were similar to those
seen in mixed solutions and were minimal. There
were no differences between the two conjugates nor
between any of the bile acids studied.

3. INDIVIDUAL CONJUGATED 02mM BILE
ACIDS AT pH 1
All bile acid conjugates at pH 1 0 caused rapid and
severe damage to the oesophageal epithelial cells.
Practically all nuclei had peripherally clumped
chromatin. The cell membrane remained intact,
although large blebs often formed. The tonofila-
ments became obscure in their outline. The organelles
were damaged and clumped together. There was
abundant granular material in the intercellular
space (Fig. l).

Fig. 1 Functional cells of oesophageal epithelium after incubation in 0-2 glycodeoxycholate at pH 1 for five minutes
The tonofilaments have coalesced. There is granular debris, probably glycogen, in the intercellular spaces
(arrowheads). x 12 700. (Original magnification quoted in this andfollowing Figures.)
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Fig. 2 Oesophageal functional cells after incubation in 0-2 mM ursodeoxycholic acid for 15 minutes. There are a
number of vesicles towards the cell periphery. Some of these mav be derivedfrom organelles. x 21 000.

W: 0

Fig. 3 After incubation in gastric juice pH 1 for five minutes, the oesophageal epithelium is severely damaged. The
chromatin is clumped at the periphery of the nuclei (N). Some desomosomes are still recognisable (arrowheads).
x 3 300.
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Fig. 4 Oesophageal epithelium after incubation in gastric juice atpH 7 on cimetidine therapy for 15 minutes shows
relatively little damage. The superficial cells have lost much glycogen and their mitochondria (M) are damaged.
L: oesophageal lumen. x 11 000.

4. INDIVIDUAL UNCONJUGATED BILE ACIDS
AT 0.2mM CONCENTRATION PH 7
Unconjugated bile acids are not normally found in
gastric juice. All produced damage which was
chiefly peripheral vacuolation, especially marked in
the deeper cells. After longer incubation a few blebs
were seen in the cell membrane. Some half-desmo-
somes were also found (Fig. 2).

5. 0-1 N HYDROCHLORIC ACID
Remarkably little damage was produced during
incubation periods lasting up to 15 minutes. A small
amount of granular material was shed into the inter-
cellular spaces and the membrane coating granules
were largely discharged but the cells remained intact
and largely unaltered.

6. GASTRIC JUICE pH 1-3
Severe damage was observed after only five minutes.
There was particulate and membranous debris
between the cells, the organelles were clumped
together along with electron-dense particulate
material, possibly RNA. The chromatin was clumped
peripherally in the nuclei. The tonofilaments were
not easily recognised. After 15 minutes' incubation
the damage was very severe and only some desmo-
somes and nuclei were still recognisable (Fig. 3).

7. GASTRIC JUICE pH 6-8
There was relatively little damage (Fig. 4), in
marked contrast with incubation in strongly acid
gastric juice. The superficial cells were leaky, their
organelles showed damage, and there was peripheral
clumping of the chromatin, but the deeper cells of
the functional layer showed little change. Granular
debris was found in the intercellular space. These
changes became more marked when the tissue was
incubated for 15 minutes.

Discussion

The method of incubating oesophageal biopsy
specimens for periods up to 15 minutes in test
solutions has proved to be a useful method for
studying the influence of various agents on the
oesophageal mucosa. The proportion of bile acids
in the model solutions of bile which we have used
was selected on the basis of data derived from a large
number of duodenal aspirations obtained after an
intravenous injection of cholecystokinin in which
the average bile acid concentration was found to be
20 mM.7 Oesophageal reflux of duodenal juice
would be expected to contain bile acids at this con-
centration when there is achlorhydria or after total
gastrectomy. A concentration of 2 mM is the lower
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end of the range of bile acids which might be found
in the stomach after less extensive gastric surgery.8-10
The 0-2 mM bile acid solution matched the con-
centration of bile acids found in the intact stomach.8 10
Marked cellular disruption was observed with

20mM solutions ofconjugated bile acids at neutral pH.
More dilute solutions failed to show a toxic effect at
pH 7, but considerable damage was observed with
these concentrations when the pH of the medium
was reduced to 1. Whereas neither 0-1 N HC 1 nor
02 mM bile acids at pH 7 had much disruptive
effect, in combination there was considerable
cellular damage with vesiculation of the cytoplasm
and loss of organelle structure. Great care must be
taken in relating these studies to the intact oeso-
phagus. Their main advantage is to provide a
system for demonstrating rapidly the changes in
subcellular morphology when oesophageal cells are
challenged by potentially toxic substances. That they
might have some relationship to the situation in vivo
is suggested by the fact that spontaneous alkaline
reflux is known to occur" and that similar cellular
disruption has been demonstrated in dogs using
slightly higher bile acid concentrations.'2 The
findings are also consistent with the concept that
hydrogen ions potentiate the effect of bile acids on
the oesophageal mucous membrane.4 High concen-
trations of free bile acids have been reported to split
desmosomes"3 but the clinical significance of our
observations that they are more damaging than
conjugated bile acids is uncertain, because free bile
acids are not normally found in gastrointestinal
fluid. Gastric juice was shown to cause considerable
damage at pH 1-3, but not if the pH had been
raised to 7, when most, but not all, of the pepsin
activity is abolished.

These studies on incubation of oesophageal
mucosal biopsies can be related to studies in vitro
which have been undertaken in men and in animals.
Oesophageal symptoms may be reproduced by
perfusion with hydrocholoric acid'4 and antacids
have been a mainstay of treatment for patients with
heartburn. Cimetidine supresses gastric acid pepsin
and fluid secretion, and treatment with cimetidine
has been found to relieve symptoms of oesophagitis
by most observers,15-20 but not by all groups""22 who
have studied the problem. Our observations rein-
force these studies and provide indirect support for
the view that anticholinergic agents, which may
enhance oesophageal reflux without necessarily
raising the pH level," are contraindicated in oeso-
phagitis. Increased pyloric reflux has been identified
in experiment reflux oesophagitis in rhesus
monkeys,'4 and bile reflux is thought to be of
importance in spontaneous human reflux oeso-
phagitis.4 811 The older forms of peptic ulcer surgery

increase duodenogastric reflux,9 10 which may
explain the frequent occurrence of postoperative
oesophagitis.25

This study suggests that incubation of human
oesophageal mucosal biopsies might be a useful
method of defining and delineating cellular disrup-
tion. Given the reservations that must apply to
extrapolating from incubation studies to events
occurring in the intact organ the technique has the
potential to permit a more extensive examination of
the mechanisms underlying mucosal damage in the
oesophagus.

We wish to thank Mrs I MacFarlane for secretarial
assistance.
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